This paper presents the non steady state model of a microdisk enzyme based biosensor where the enzyme reacts directly on the electrode itself. The model is based on diffusion equation containing a non-linear term related to Michaelis-Menten kinetics of enzymatic reaction. We have reported for the first time the utilization of new approaches of the homotopy perturbation method (HPM) to solve nonlinear partial differential equations in microdisk biosensor. Our analytical solution was also compared with numerical solutions and satisfactory agreement was noted. The influence of various parameters on the concentration are also discussed.
INTRODUCTION
The action of biosensors can be well-defined as physical, chemical and biological sciences, which are modeled by nonlinear partial differential equations [1] . These biosensors have many applications in different domain. Hence mathematical modeling of biosensor is highly needed. This will help in prefiguring various characteristics [2] . Recently, a two-dimensional mathematical models has been suggested considering the perforation geometry [3] . However, a simulation of the biosensor based on the 2-D model is more time-consuming than a simulation based on the 1-D model. Eswari and Rajendran [4] derived the steady state concentration and current occurring at a microdisk enzyme electrode. A closed-form of an analytical expression of concentration for the full range of enzyme kinetics has been obtained. Saravana Kumar and Rajendran [5] presented an approximate analytical method (Modified Adomian decomposition method) to solve the non-linear differential equations for Michaelis-Menten kinetics that described the concentrations of substrates within the enzyme based biosensor.
Analytical expression for the steady state current at a microdisk chemical sensor has been reported by Dong et al. [6] and Lyons et al. [7] . Galceran and Co-workers [8] have described the current at a microdisk biosensor where an enzyme is present in bulk solution. But a model for immobilized enzymes on microdisk had not been reported. Phanthong and Somasundrum [9] obtained the approximate expression of steady state concentration and current in integral form for microdisk biosensor when Michaelis-Menten constant is large.
Homotopy perturbation method (HPM) is applied to solve all nonlinear problems in physical and chemical sciences. The homotopy perturbation method gives a rapid convergence and accurate solution with few iterations [10] . To the best of our knowledge this is the first time we have successfully extended the application of the He's HPM [10] to solve the nonlinear partial differential equation in microdisk biosensor for non steady state conditions. The obtained results confirm the power, simplicity and easiness of the mathematical methodology to be implemented. Figure 1 .Schematic of the problem (substrate concentration profile in immobilized enzyme in a spherical porous matrix)
MATHEMATICAL FORMULATION OF THE PROBLEM
We assume the polymer/enzyme droplet takes a hemispherical shape on an insulting plane, into which the microdisk is inlaid (Fig-1) . When enzymes are immobilized on the internal surface of a porous spherical support, the substrate diffuses thorough the pathway among the pores, and reacts with the immobilized enzyme. The mathematical formulation of the microdisk biosensor is described in Phanthong and Somasundrum et al. [9] . It is assumed that the enzyme concentration is uniform and the enzyme reaction follows Michaelis-Menten kinetics, in which case the reaction in the filmis [9] 
If the solution is stirred uniformly, so that the substrate S is constantly supplied to the film. At non steady state,the mass balance for S will be given by the equation (2) [9] . c is the bulk concentration of S scaled by the partition coefficient of the film.The boundary condition at R=0 ensures that the substrate distribution is symmetric at the center of the sphere where as the boundary condition at 1 r R = states that the substrate at the surface of the sphere is constant [11] .
By defining the following dimensionless parameters
dimensionless nonlinear equation in a biosensor can be written as follows [1, 9] :
where u is dimensionless concentration of substrate,  and k are reaction constant. This type of equation (Lane Emden equation) also has been used to model several phenomenain mathematical physics and astrophysics [12] [13] [14] [15] and the references cited therein. The dimensionless initial and boundary conditions are represented as follows [16] :
APPROXIMATE ANALYTICAL EXPRESSION FOR THE CONCENTRATION USING HPM
A great number of problems in natural and engineering sciences have been modeled by nonlinear differential equations [17] .Homotopy perturbation method is the recent advance methodused to solve manynonlinear equations [18] [19] [20] . The basic principle of this method is described in Appendix A. We have obtained the analytical expression of the concentration of substrate by solving the nonlinear equation (1)using new approach of homotopy perturbation method(Appendix B&C).
The above equation (11) satisfies the boundary conditions (9) and (10) whereas it satisfies the initial condition approximately when m>25. When m=0 or k=0 (there is no reaction) Eqn. (11) becomes
This is the well-known solution of Eqn. (7) 
The alternative form of expression of concentration for small values of  is Solving the above equation using HPM for the boundary conditions (8) to (10), we get the following expression for the concentration [21] .
( )
For the case of steady state the above equation becomes as follows:
NUMERICAL SIMULATION
The nonlinear reaction diffusion equation (1) for the corresponding initial and boundary conditions (Eqns. (2)- (4)) are also solved numerically by using Scilab program (Appendix E). The numerical solutions are compared with our analytical results in Table-1 [22] obtained the analytical expression of concentration for steady state condition using ADM as follows: 
In Table 2 , our steady state result is compared with Praveen et al. [22] result and satisfactory agreement is noted. Figure 2 Profiles of the normalized concentration u versus dimensionless distance r calculated using equation (11) for various values of parameters. 
Effect of Michaelis-Menten constant M K on concentration of substrate
The Michaelis-Menten constant is the substrate concentration, which is at half-maximum in the reaction rate. The value of M K is related to the substrate, enzyme, pH and temperature. The influence of M K have been shown on concentration of substrate in Figure 2(b) .A low value of M K suggests that the enzyme has a high affinity to react with the substrate; so, the substrate's concentration should be decreased with reduction of Michaelis-Menten constant M K .
Effect of enzyme reaction rate ( )

E cat c K on concentration of substrate
Since enzyme reaction rate ( ) Based on Fick's law, by increasing the initial concentration of substrate in the bulk medium, concentration profile gradient increases between the center of the support and the bulk medium, and so the substrate diffuses into the support more quickly. As seen in Figures 2(d) , initial substrate concentration is effective concentration profile. Substrate concentration approaches to 0 in half radius of the support when 
Effect of radius r on concentration of substrate
The influence of radius on concentration of substrate is described in Figure 2 (e). From the figure it is inferred that when radius increases the concentration at the center of the sphere is also decreases. From this figures it is also observed that the concentrations substrate are depleted at the center of the microsphere (r=0) as they are consumed by the enzyme reaction.
CONCLUSIONS
The non-steady state concentration at a microdisk enzyme based biosensor with MichaelisMentenkinitics has been discussed in some detail. Approximate analytical solution to the nonlinear reaction diffusion equation have been presented. In particular a novel and closed -form of approximation has been developed that can be used to integrate the reaction diffusion equation. The theoretical model presented for the non-steady state responds has been used to quantify the steady state substrate response profile. Good agreement was obtained between numerical and theoretical results. The effects of various fundamental kinetic parameters such as Michaelis-Menten constant, diffusion coefficients, enzyme reaction rate and bulk concentration on the concentration of substrate is discussed. By a proper transcription of variables, this method will be extended to derive concentration at microdisk biosensor and rotating disc electrodes with convective and diffusive processes. 
Appendix A: Basic Concepts of the HPM
The HPM method has overcome the limitations of traditional perturbation methods. It can take full advantage of the traditional perturbation techniques, so a considerable deal of research has been conducted to apply the homotopy technique to solve various strong non-linear differentialequations. To explain this method, let us consider the following nonlinear differential equations:
where The process of changing p from zero to unity is that of 0 ) (
We first use the embedding parameter p as a "small parameter" and assume that the solutions of Eqs.(A2) can be written as a power series in p: 
This is the basic idea of the HPM.
Appendix B: Approximate Analytical Solution Eqn.(12) using HPM Method
We construct the new homotopy for the Eqn.(12) as follows [15] :
is an embedding parameter. Now assume that the solution of the Eqn. (1) is 
In Laplace plane this equation becomes: The real number c is chosen such that c s = lies to the right of all the singularities, but is otherwise assumed to be arbitrary. In practice, the integral is evaluated by considering the contour integral presented on the right-hand side of equation (C1), which is then evaluated using the so-called Bromwich contour. The contour integral is then evaluated using the residue theorem which states for any analytic function
where the residues are computed at the poles of the function 
